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PULMONARY EVALUATION DEVICE 

Field of the Invention 

The present invention relates to pulmonary evaluation devices. 
Background to the Invention 

The main function of the lungs is to provide continuous gas exchange between inspired 
air and the blood in the pulmonary circulation, supplying oxygen and removing carbon 
dioxide, which is then cleared from the lungs by subsequent expiration. Survival is 
dependent upon this process being reliable, sustained and efficient, even when challenged 
by disease or an unfavourable environment 

Lung function tests evaluate how much air lungs can hold, how quickly air moves in and 
out of the lungs, and how well lungs add oxygen to and remove carbon dioxide from the 
blood. Such tests can help diagnose lung diseases and measure the severity of lung 
problems that prevent normal breathing. 

Lung function tests are done to: 

■ Help determine the cause of breathing problems; 
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■ Measure the amount of lung function in a person who has a lung disease and 
monitor the effectiveness of treatment; 

■ Identify people at high risk of developing lung disease (especially smokers); 

■ Evaluate a person's ability to breathe before surgery; 

■ Monitor the lung function of a person who is regularly exposed to substances that 
can damage the lungs. 

Several different types of tests can provide information about lung function. Such tests 
include spirometry, gas dilution tests, body plethysmography, carbon monoxide diffusing 
capacity and arterial blood gases. 

Spirometry measures the volume of air inspired or expired as a function of time and is the 
standard method for measuring most relative lung volumes; however, it is incapable of 
providing information about absolute volumes of air in the lung. Thus a different 
approach is required to measure residual volume, functional residual capacity and total 
lung capacity. 

Two methodologies most commonly used for determination of absolute lung volume are 
gas dilution and body plethysmography. 

Gas dilution tests measure the amount of air that remains in the lungs after the subject has 
exhaled as completely as possible (residual volume). Body plethysmography measures 
the total amount of air that lungs can hold. 

During body plethysmography, the subject sits in an airtight box (body plethysmograph, 
or 'body box') of known volume and breathes through a mouthpiece connected to a 
shutter. The pressure is monitored in two places, in the box and at the subject's airways, 
the latter via a side-port of the mouthpiece. At end-expiration the airways are 
momentarily occluded by the shutter, and the subject makes an inspiratory effort against 
the occlusion. The increase in their chest volume slightly reduces the box volume whilst 
slightly increasing the pressure in the box. 
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Monitoring changes in pressure in the box and applying a series of well documented 
derivation techniques, body plethysmography allows a number of pulmonary 
measurements to be obtained such as for example thoracic gas volume and airways 
resistance. 



Drawbacks associated with body plethysmography: 

■ Mental confusion, muscular incoordination, body casts or other conditions that 
prevent the subject from entering the plethysmograph cabinet or adequately 
performing the required manoevours (i.e. panting against a closed shutter); 

■ Claustrophobia may be aggravated by entering the plethysmography cabinet; 

■ Presence of devices or other conditions such as continuous IV infusions with 
pumps or other equipment that will not fit into the plethysmograph that should not 
be discontinued, or that might interfere with pressure changes (eg. chest tube or 
raptured eardrums); 

■ Continuous oxygen therapy that should not be temporarily discontinued; 

■ Over estimation of thoracic gas volumes in subjects with severe obstruction or 
induced bronchospasm unless a slow 'panting' speed is maintained; 

■ Erroneous measurement of thoracic gas volume, airways resistance, or specific 
airways conductance due to improper panting technique. Excessive pressure 
fluctuations or signal drift during panting may invalidate thoracic gas volume, 
airways resistance or specific airways conductance; 

■ Whole-body plethysmographs are expensive and usually found in pulmonary 
function laboratories, cardiopulmonary laboratories, clinics and specialist 
pulmonary offices. 
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An object of the present invention is to provide a cost effective and easy to use, 
pulmonary evaluation device which does away with the requirement of the patient having 
to be placed in an air-tight box so that, for example, it can be used at the General Practice 
(GP) level. 

A further object of the invention is to provide a pulmonary evaluation device that can be 
used by a variety of subjects or users. Such subjects including neonatal, paediatric, 
geriatric, disabled, the mentally frail and animals. 

Summary of the Invention 

According to the broadest independent aspect of the invention there is provided a 
pulmonary evaluation device comprising: - 

sensor means adapted to sense fluctuations in a user's lung operation; and 
feedback means, driven by said sensor means, for detennining successive 
values representative of the user's lung fluctuations and adapted to translate said 
values into appropriate lung-evaluating information; 
characterised by the feature that the sensor means comprises or forms part of an item 
suitable to be worn by or carried adjacent the user. 

This combination of features is advantageous because it eliminates the requirement of 
using an enclosure to obtain results useful in pulmonary evaluation. Due to its versatility 
it is also particularly advantageous because a variety of subjects (even animals) may 
benefit from its use. 

It is also advantageous because it may be used to obtain results without requiring the 
patient to be sitting in the enclosure. He/she may for example be sitting on his/her 
hospital bed. 

One of the advantages of this particular configuration is in allowing the user to freely 
move around and change position rather than being static and seated during use. This 
may for example be particularly usefiil in assessing pulmonary function during motion or 
even exercise. Pulmonary evaluation may be obtained for athletes, greyhounds and 



WO 2005/016145 PCT/GB2004/003472 

5 

horses. This enables a range of measurements to be taken during both inactive and active 
periods to obtain a more detailed and precise profile of the user's lung operation. 

According to a subsidiary aspect of the present invention there is provided a device, 
wherein the item engages the user's body, when in use, so as to follow body movements 
caused by the user's lung operation. 

One of the advantages of such an arrangement is that having the item in engagement 
allows more accurate measurements to be obtained. 

A further advantage of such an arrangement is that compliance measurements may be 
obtained for specific body parts for example, differentiation between the individual's 
lungs and/or differentiation between the lungs and the abdomen. 

According to a subsidiary aspect of the present invention there is provided a device, 
wherein said sensing means incorporate: 

an inner wall and an outer wall forming a chamber therebetween; and 

at least one sensor adapted to sense pressure values within said chamber. 

Such a configuration is advantageous in that pressure readings are obtained without the 
need for an enclosure. The result of this device will therefore generate results which can 
be readily interpreted by the skilled man in the art without requiring extensive training 
from his/her knowledge of prior art pulmonary evaluation devices. 

In a further subsidiary aspect of the present invention there is provided a device wherein 
the inner wall is substantially resilient and the outer wall is substantially rigid in relation 
to the inner wall, whereby the inner wall may follow, in use, the movement caused by the 
user's lung operation whilst the outer wall remains substantially rigid. 

One of the advantages of such an arrangement is that, in use, the user's movements are 
not restricted. 
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A further advantage of this particular configuration is that the user may wear the device 
over its clothing. 

5 Another advantage is that multiple users of differing shapes and sizes may use the device 
without adjustment. 

In a further subsidiary aspect of the present invention, said item is a vehicle seatbelt. 

10 This configuration is particularly advantageous because the tension and/or lack of tension 
apparent on the seat belt whilst breathing may provide an alternative useable measure of 
the user's lung operation. 

In a further subsidiary aspect of the present invention there is provided a device, wherein 
15 said sensor means is a camera whereby said camera captures successive images of the 
user's lung fluctuations. 

Thus a completely non-contact evaluation can be obtained beneficial to, for example, 
bums victims and/or patients requiring an environment free from contaminants. 

20 

Brief Description of the Drawings 

Figures la and lb show a front view of a pulmonary evaluation device in accordance with 
a first embodiment of the invention. 

25 

Figures 2a-c show cross-sectional views of a pulmonary evaluation device at rest, during 
inspiration and during expiration. 

Figures 3a-b show front views of a pulmonary evaluation device in accordance with a first 
30 embodiment of the invention having an array of chambers. 
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Figure la presents a pulmonary evaluation device 10 in the form of an over-the-head item 
or garment 10 having a front panel 11, rear panel 12 and side panels 13, 14. Figure lb 
shows device 10 comprising head aperture 15, arm or upper torso apertures 16, 17, lower 
torso aperture 18, upper adjustment means 19, 20 and/or side adjustment means 21, 22 
and securing means 23 for securing between the legs of a patient forming leg apertures 24, 
25 in use. 

The various apertures are so sized and shaped by the person skilled in the art to allow 
relatively unrestrained movement of the various body members. 

The lower torso aperture 18 is so sized and shaped to allow entry of the user's upper body 
when donning the garment 10. 

Adjustment means 19, 20, 21, 22 are provided between the upper front panel 1 1, the upper 
rear panel 12, and side panels 13, 14 such that the user can adjust the garment 10 in use to 
become more or less form fitting. These may be selected by the skilled man from known 
alternatives such as VELCRO ®. 

Securing means 23 is fixably attached at a first end to either the lower front panel 1 1 or 
the lower rear panel 12 and releasably connected to the opposing panel 12, 1 1 at a second 
end. Once secured the lower torso aperture 18 and securing means 23 provide leg 
apertures 24, 25 allowing unrestricted movement of the user's legs. 

The material forming the garment 10 may be lightweight, supple and form fitting. 

When donned the garment 10 covers the anterior chest wall and at least the upper 
abdomen. The adjustment means 19, 20, 21, 22 provide adjustment ensuring that the 
necessary region is in sufficient contact with the garment 10. 

Figures 2a-c presents the internal configuration of the garment 10 comprising an inner 
wall 110 substantially in contact with the user and an outer wall 120 connected to the 
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inner wall 1 10 and forming a chamber 130 between the inner wall 1 10 and outer wall 120. 
Sensor means 140 are located between the two walls 110, 120. Feedback means 145 are 
connected to the sensor means 140 to capture and evaluate successive readings. Such 
feedback means may include for example, a microprocessor, a computer or a data logger. 

In use, the wearer inserts their head, arms and upper torso through the lower torso 
aperture 18 until the head exits the head aperture 15 and the arms exit the arm apertures 
16, 17. The user and/or assistant adjusts the garment 10 ensuring that the anterior chest 
wall and the upper abdomen is enclosed by the garment 10. The securing means 23 is 
secured so as not to restrict the movement of the user's legs or movement of the garment 
10 perpendicular to the user's spine whilst restricting the movement of the garment 10 
parallel to the user's spine. 

The movement of the wearer's chest wall during breathing is followed by the garment 10. 
Figures 2a to 2c relate the use of the garment 10 to the breathing cycle: 

■ Figure 2a shows the device 10 at rest; 

■ Figure 2b shows the device 10 during inspiration wherein the inner wall 1 10 of the 
garment 10 follows the movement of the chest. Whereas the outer wall 120 does 
not. The fixed volume of gas between the inner and outer wall is compressed as 
the inner wall 110 is pushed towards the outer wall 120 due to the expansion of 
the lung(s). The volume of gas within the garment 10 does not change whilst the 
wearer is breathing unlike the pressure of the gas. The sensor means 140 is 
positioned to note the pressure changes. 

■ Figure 2c shows the device 10 during expiration, as the lung and chest volume 
decrease, the inner wall 110 relaxes whilst still following the movement of the 
chest and the pressure exerted on the gas by the inner wall 110 decreases. 

During exercise or rigorous movement the securing means 23 ensures that the garment 10 
is correctly located during use. 
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Figures 3a-b present possible configurations of the garment 10 comprising an array of 
chambers 103a, 130b, 130a\ 130a", 130b 5 , 130b 5 \ 

Figure 3a shows the device 10 having two chambers 130a, 130b which may be used to 
differentiate between each lung. Alternatively the front panel 11 may comprise an upper 
and a lower chamber which may be used to differentiate measurements between the upper 
rib regions and the lower rib regions. 

Figure 3b shows the device 10 having four chambers 130a 5 , 130a", 130b 5 , 130b 55 which 
may be used to differentiate measurements between the upper and lower rib region of 
each lung. 

The rear panel 12 may have a similar array of chambers as just described. 

The number and location of the array of chambers 130a, 130b, 130a 5 , 130a 55 , 130b 5 , 
1 30b 5 5 permit localised measurements to be obtained. 

In a second embodiment the pulmonary evaluation device may take the form of a vehicle 
seat belt having a pulmonary contact region enclosing the torso and sensor means within 
the pulmonary contact region capable of measuring tension within the contact region, all 
being connected to a microprocessor which stores and evaluates the obtained results. 

Alternatively the sensor means may comprise a dual wall structure having a sensor 
therebetween as previously described. Such a vehicle seat belt variant would enable heart 
compliance measurements to be obtained if the contact region was located over the heart. 

In a third embodiment, the pulmonary evaluation device utilises a camera monitoring lung 
fluctuation/displacement. As the user breathes a number of images of the user's chest 
wall profile can be captured and then processed to determine displacement during 
breathing. 



